INTRODUCTION
============

Spinal cord injury (SCI) is a lifelong tragedy that causes dysfunction of the nervous system and many internal organs. SCI patients experience loss of motor and sensory function below the level and dysfunction of bladder and bowel in most cases. Common complications include urinary tract infections, urinary stone, hydronephrosis ([@B1], [@B2]), fecal impaction, gastric ulcer ([@B3]) and pressure ulcer. Other pathological conditions known to occur more frequently in SCI patients include gallstone ([@B4]), abdominal aortic aneurysms ([@B5]), pancreatitis and bladder carcinoma ([@B6]). However, it is very difficult to detect these abnormalities in the early stage due to sensory loss below the level of injury.

Abdominal ultrasonography is a useful non-invasive tool for the diagnosis of intraabdominal pathology. There have been only a few studies on the cost-effectiveness of abdominal ultrasonography ([@B1], [@B2]) and sonographic findings of each intraabdominal organ such as the kidney ([@B7]) and gallbladder (GB) ([@B4], [@B8]) in SCI patients.

We analyzed the abnormal findings of each organ system and tried to identify if any factors are associated with these abnormal findings.

MATERIALS AND METHODS
=====================

Methods
-------

This study reviewed the charts of 500 patients with SCI, who were admitted to Yonsei Rehabilitation Hospital and underwent abdominal ultrasound testing between 2000 and 2003. A trained radiologist performed the abdominal ultrasonography and evaluated the liver, kidney, bladder and GB and other intra-abdominal abnormalities. Thereafter multivariate regression analysis was performed to evaluate the effect of demographic factors such as gender, age, post-injury duration, severity of injury, and level of injury divided by T10 level on the abnormal sonographic findings. The T10 level was chosen to categorize the injury level because SCI patients injured below T10 level have an intact sympathetic nervous supply, whereas those injured above T10 have an impaired one.

Subjects
--------

Among the 500 patients, 356 male (71.2%) and 144 female (28.9%), the mean post-injury duration at admission was 11.14 months (1-264 months) and the mean age was 36.87 yr old (4-87 yr). The level of injury ranged from C2 to L5, with 280 cases of tetraplegia and 220 cases of paraplegia. American Spinal Injury Association (ASIA) injury classifications were 47.5% (237) ASIA A, 15.2% (76) ASIA B, 14.0% (70) ASIA C, and 23.3% (117) ASIA D.

Statistical analyses
--------------------

Statistical analysis was performed using SPSS version 10.0. Multiple logistic regression analysis was used to evaluate the effects of the demographic factors.

RESULTS
=======

A high incidence of abnormalities was noted throughout the study. [Table 1](#T1){ref-type="table"} shows the characteristics of the group with normal findings and of the group (226 cases: 45.2%) with abnormal sonographic findings. Liver abnormalities were observed in 98 patients (19.6%), bladder abnormalities in 88 (17.6%), kidney abnormalities in 41 (8.2%), and GB abnormalities in 37 (1.4%).

Liver abnormalities included fatty liver (75 patients: 15.0%), cyst (8 patients: 1.6%), hemangioma (5 patients: 1.0%), diffuse liver disease (4 patients: 0.8%), biliary tract dilatation (3 patients: 0.6%), liver cirrhosis and clonorchiasis (3 patients: 0.6%). The group with abnormal liver findings had significant differences in gender, age, post-injury duration and completeness of injury in comparison with the normal group ([Table 2](#T2){ref-type="table"}).

Bladder abnormalities included bladder wall thickening (56 patients: 11.2%), cystitis (14 patients: 2.8%), bladder stone (10 patients: 2.0%), and bladder wall trabeculation (8 patients: 1.8%). The group with abnormal bladder findings had significant differences in age, gender, and post-injury duration in comparison with the normal group ([Table 3](#T3){ref-type="table"}).

Kidney abnormalities included renal cyst (19 patients: 3.8%), pelvic dilatation (6 patients: 1.2%), chronic renal disease (6 patients: 1.2%), hydronephrosis (5 patients: 1.0%), pyelonephritis (3 patients: 0.6%) and renal stone (2 patients: 0.4%). The group with abnormal kidney findings had significant differences in age, post-injury duration and completeness of injury in comparison with the normal group ([Table 4](#T4){ref-type="table"}). The patients with a renal cyst were significantly older than those with hydronephrosis (51.1 yr vs. 24.8 yr) (*p*\< 0.05).

GB abnormalities included gallstone (19 patients: 3.8%), biliary sludge (11 patients: 2.2%), GB cyst (11 patients: 2.2%) and hemangioma (7 patients: 1.4%). The group with abnormal GB findings had significant differences in gender, age, in comparison with the normal group ([Table 5](#T5){ref-type="table"}). When compared with patients with biliary sludge, gallstone patients had longer post-injury duration and higher level of injury ([Table 6](#T6){ref-type="table"}). Gallstone and biliary sludge were found more frequently in those patients with an incomplete injury (19 patients) than in those with a complete injury (11 patients) (*p*\< 0.05).

Eighteen patients had other abnormal sonographic lesions in the abdomen: splenomegaly (5 patients: 1.0%), pleural effusion (4 patients: 0.8%), ascites (3 patients: 0.6%), prostatic cyst (2 patients: 0.4%), pancreatic abnormalities (2 patients: 0.4%), uterine myoma (2 patients: 0.4%).

DISCUSSION
==========

Ultrasonography of the abdomen has several major advantages. It is non-invasive, ionizing radiation is not used and the examination is not time-consuming when performed by experienced hands. In contrast, the main disadvantage of ultrasound imaging is its dependence on the operator\'s ability. Patients with a marked spinal deformity, gross constipation or immobility are difficult to examine ([@B9]). Diseases associated with SCI require an early diagnosis and intervention. A few studies have evaluated abdominal sonography as a screening test. Ozer and Shannon performed a prospective study to determine the cost effectiveness of the renal ultrasound examination in SCI as a screening modality, and concluded that it was effective in patients with hematuria, fever, and changes in the urinary habit ([@B2]). Marca et al. reported a retrospective study of abdominal ultrasonography in military veteran SCI patients for approximately 3 yr. The results showed that there were renal abnormalities in 7.1%, liver abnormalities in 76.8%, and pancreatic abnormalities in 20.6%. Liver abnormalities included liver parenchymal disease (45.6%) and fatty liver (19.7%) ([@B1]). In contrast, our study showed that fatty liver was more frequently detected than liver abnormalities. This discrepancy may be due to the high rate of liver parenchymal diseases from hepatitis induced by drug and alcohol abuse, which are endemic in the veteran population. Rosman et al. found that there was no association between viral hepatitis and SCI in the cases without intravenous drug abuse ([@B10]).

Marca\'s study showed a high incidence of pancreatitis (20.6%) due to the old age (mean age: 58.0 yr old) and high alcohol consumption, which was endemic in veteran patients ([@B1]). However, our data showed a very low incidence of pancreatic abnormalities (0.4%), possibly due to the younger age (mean age: 35.2 yr old).

The incidence of gallstones in the SCI patients ranged from 29 to 49% in several studies ([@B4], [@B11]). The possible reasons considered for this increased incidence of gallstones were a decreased food intake, parenteral nutrition, and an altered metabolic state with peripheral fat mobilization secondary to prolonged immobility and altered GB and gastrointestinal motility ([@B8]). The reported incidence of gallstones in the normal population in Korea has ranged from 4.0-4.2% ([@B12], [@B13]), but the incidence of patients with SCI was reported to be as high as 22.5% ([@B14]). However, in this study the incidence was 3.8%, which is similar to that of the normal population. This might be due to the longer duration of the post-injury in the previous study (21.2 yr) ([@B14]) in comparison to this study (11.1 months).

The reason for the altered GB and gastrointestinal motility has been believed to be an impaired sympathetic nerve supply to GB (which originates from the thoracic spinal segments 7-10) following SCI while the parasympathetic supply via the vagus nerve remained intact ([@B4], [@B15]). The parasympathetic supply induces a GB contraction, while the sympathetic supply induces a GB relaxation during the filling stage ([@B16]). Tandon et al. reported that in patients with SCI above T10, the fasting volume and ejection fraction of GB were decreased, but there were no differences in the resting volume and emptying time of GB in SCI ([@B8]).

There was a higher incidence of gallstones in patients with SCI below T10 and intact sympathetic nervous supply than in patients with SCI above T10 and impaired sympathetic nervous supply. It is possible that a sympathetic nervous supply could promote sludge formation through its inhibitory effect on intestinal motility following SCI ([@B15]). The resulting extension in gut transit time would lead to a relative increase in the deoxycholic acid concentration in the bile acid pool, which might result in sludge formation ([@B16]). However, this study did not evaluate the gut motility and further research will be required.

Virgili et al. reported upper urinary tract abnormalities such as hydronephrosis, vesicoureteral reflux and pyelonephritis in approximately 25% of patients with SCI, and the incidence of these abnormalities increased with increasing patient age ([@B7]). In this study, the average age of the patients with renal abnormalities was significantly older than that in the normal SCI group. Renal ultrasonography has a relatively high sensitivity in detecting a calyceal dilatation, but a low sensitivity in detecting a renal scar or ureter abnormalities ([@B9]).

Hoffberg and Cardenas reported that a bladder trabeculation was found in 31% of SCI patients who had been injured for less than 12 months, and that it was associated with male patients, vesicoureteral reflux, bladder diverticulum and an upper motor type neurogenic bladder ([@B17]). Bladder trabeculation and bladder shape deformity such as a pine tree shape and bladder wall thickening were associated with a high pressure of the upper urinary tract ([@B18]). In this study, a bladder trabeculation was detected only in 1.8% of patients. This was less than the incidence reported in the study of Hoffberg and Cardenas because the present study did not use excretory urography, cystography and cystoscopy, which are more sensitive in detecting bladder conditions than ultrasonography alone.
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